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INTRODUCTION
Intensive silvopastoral systems (ISS) are a sustainable form of land use for livestock
production which combines fodder plants such as: improved, highly productive grasses
with leguminous shrubs planted a high densities (>10,000 plants ha-1) and woody trees,
developing a multi-canopied vegetation with an extensive and deeper rooting system
that mimic the native forest [2,4]. ISS reduces inputs cost and protects environmental
quality because avoid traditional agricultural-livestock management practices (e.g.,
burning, overgrazing, irrigation, tillage and chemical inputs). Although extensive studies
around the world have shown the effects of ISS compared with conventional
monoculture pasture (CP) on meat and milk production, availability of forage during the
extreme drought, improvement of soil physicochemical properties and production of
ecosystem services [1,3], few studies pointed towards their impact on enzyme activities
and soil microbial community composition. Understanding biochemical and
microbiological responses to the conversion from CP to ISS, can help us make science-
based decisions to enhance the sustainability of livestock ecosystems.
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Study Site
This study was conducted at “El Hatico” Nature Reserve located in the municipality of 
“El Cerrito” in the Departamento del Valle del Cauca-Colombia (3 47′ N, 76 16′ W).
Treatments studied
Land use Plant composition Management
Conventional 
monoculture 
pasture 
(CP)
Monoculture of native grass 
(Cynodon plectostachyus)
Pasture rest period after grazing: 28 
days
Water irrigation after grazing
Fertilization/ Herbicides
Tillage
Rotational grazing of 9-12 head ha-1 of
adult dairy cattle or fighting bulls
Intensive 
silvopastoral 
system 
(ISS)
C.plectostachyus/Leucaena
leucocephala (10,000 shurbs ha-1) /
Prosopis Juliflora (15 to 20 trees ha-1)
Pasture rest period after grazing: 40 
days
Rotational grazing of 4- 4.5 head ha-1
of adult dairy cattle
No irrigation, no chemical inputs
Forest 
(F)
Plant diversity typical of tropical dry 
forest: Anacardium excelsum, Xylopia 
ligustrifolia, Ficus guianensis, Guarea 
trichllloides, Ceiba pentandra
No anthropogenic intervention
Two Sampling events 
2008 and 2009. 
Each treatment had 3 
separated plots/ 2 
composite samples 
samples/plots
Physicochemical 
properties
• Organic C, 
• Texture, 
• Bulk density, 
• water content,
• pH.
Soil enzyme 
activities
• Acid and alkaline 
phosphatase, 
• β-glucosidase,
• Urease.
Soil microbial 
community 
• Ester-linked fatty 
acid methyl ester 
(EL-FAME) method
METHODS EXPERIMENTAL STRATEGY
Land 
uses
Texture 
class
Sand
%
Silt
%
Clay
%
Organic 
C %
C clay-1
X 100
WCΩ
%
BDΩ
g/cc3
ISS Clay Loam 33 a 40 b 27 c 2.49 c 9.29 a 15 b 1.35 b
CP Silty Clay 11 b 48 a 41 a 3.12 a 7.62 b 14 b 1.50 a
F Clay Loam 28 c 38 b 34 b 2.84 b 8.41 b 23 a 1.21 c
Table 1. Physicochemical properties of soils under different land uses 
Values with the same letter in a column were not significantly different at P<0.05 among the
treatments. Abbreviations: WC: Water content, BD: Bulk density, (n=12).
Figure 1. Principal components
analyses for soil enzyme activities.
Percent variance explained by
each principal component (PC) is
shown in parentheses. ANOSIM;
R global=0.74, p=<0.0001.
CP showed higher BD and the lowest organic C/clay than other land uses,
influencing negatively soil quality.
 Activities of enzymes clustered according to management systems, suggesting that
enzyme activities are sensitive indicators of agricultural disturbance.
 In generally, enzyme activities were higher in ISS, probably due to less physical
disturbance in soils, higher litter inputs, more active microbial biomass or the
microbial biomass producing more enzymes that are stabilized and protected in
soil organic matter.
 The observed changes in the structure and composition of microbial community
may be due to different nature and accessibility of organic substrates in different
land uses and the soil disturbance (mechanical destruction, soil compaction,
reduced pore volume and soil aeration) caused by the management in each
treatment.
CP may physically disrupt microhabitats and negatively impact the microbial
community. CP led to significant reduction in the biomass of fungi and
actinomycetes, promoted the dominance of cyclopropyl fatty acids (cy 19:0 y cy
17:0) considered as adaptive mechanism induced by microbial stress, which
typically found in Gram (-) bacteria.
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RESULTS CONCLUSIONS
Biomarkers ISS CP F
----------------nmol g-1 clay------
Total bacteria 4.84 a 4.39 a 4.01 b
Fungi 0.33 a 0.28 b 0.37 a
Gram-positive bacteria 4.09 a 3.36 b 3.23 b
Gram-negative bacteria 2.15 b 2.60 a 2.12 b
Actinomycetes 1.52 a 1.30 b 1.53 a
AM Fungi 0.45 a 0.35 b 0.43 a
Protozoa 0.10 a 0.05 b 0.06 b
Microbial Stress Indicators
F/B Ratio 0.08 a 0.06 b 0.09 a
Mono/Sat Ratio 1.01 a 1.00 a 1.03 a
cy/pre Ratio 1.17 b 1.55 a 1.03 c
Table 2. Distribution of soil microbial community by FAME analyses (biomarkers) in
the different land uses. The clay ratios biomarkers are shown (n=12).
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